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Abstract: PCR detection of intestinal protozoa is often restrained by a poor DNA recovery or by inhibitors present in fe- 
ces. The need for an extraction protocol that can overcome these obstacles is therefore clear. QIAamp* DNA Stool Mini 
Kit (Qiagen) was evaluated for its ability to recover DNA from oocysts/cysts directly from feces. Twenty-five G/ard/a-posi- 
tive, 1 5 Cryptosporidium-positwe, 1 5 Entamoeba histolytica-posWWe, and 45 protozoa-free samples were processed as 
control by microscopy and immunoassay tests. DNA extracts were amplified using 3 sets of published primers. Following 
the manufacturer's protocol, the kit showed sensitivity and specificity of 1 00% towards Giardia and Entamoeba. However, 
for Cryptosporidium, the sensitivity and specificity were 60% (9/15) and 100%, respectively. A series of optimization ex- 
periments involving various steps of the kit's protocol were conducted using C/ypfospond/um-positive samples. The best 
DNA recoveries were gained by raising the lysis temperature to the boiling point for 1 0 min and the incubation time of the 
InhibitEX tablet to 5 min. Also, using a pre-cooled ethanol for nucleic acid precipitation and small elution volume (50-100 
ul) were valuable. The sensitivity of the amended protocol to Cryptosporidium was raised to 100%. Cryptosporidium DNA 
was successfully amplified by either the first or the second primer set. When applied on parasite-free feces spiked with 
variable oocysts/cysts counts, «2 oocysts/cysts were theoretically enough for detection by PCR. To conclude, the Qiagen 
kit with the amended protocol was proved to be suitable for protozoan DNA extraction directly from feces and support 
PCR diagnosis. 
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INTRODUCTION 

PCR has gained an increasing importance in diagnostic lab- 
oratories for diagnosing bacterial and viral infections [1]. 
However, for protozoan pathogens, such as Cryptosporidium, 
Giardia, and Entamoeba histolytica, the 3 common intestinal 
protozoa infecting humans, development of a diagnostic PCR 
assay is challenged by a number of factors: First, feces, where 
the diagnostic stages of these protozoa are present, is a very 
complex specimen [2]. Second, the genetic material of these 
protozoa, to be isolated, is enclosed mainly in oocysts/cysts 
which possess very robust cell walls [3], Last, some fecal con- 
stituents, such as heme, bilirubins, bile salts, and carbohydrates 
inhibit PCR [4]. These constituents of feces impair oocysts/ 
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cysts lysis, degrade the nucleic acid, and/or inhibit polymerase 
activity if co-exttacted with the target pathogen DNA [5]. 

As a result, processing procedures to feces have been fre- 
quently adopted, in many studies, prior to protozoan oocysts/ 
cysts DNA extraction [6-9]. For examples, salt flotation and 
formol-ether concenttation techniques have been approached 
to purify oocysts/cysts from the complex fecal matrix [6], In 
other studies, fecal samples, have been exposed to variable 
number of freeze-thaw cycles or bursts of Fast Prep® instru- 
ment or ultrasound liquid processor 'sonicator', to facilitate 
oocyst/cyst wall disruption and nucleic acid isolation [6,8,9]. 
Sometimes, more than 1 preparatory step has been used be- 
fore the extraction method [8,9]. The purification step of oo- 
cysts/cysts present in feces is proved to be useful in reducing 
the carry-over of material that impairs their nucleic acid extrac- 
tion. The physical and/or mechanical agitations of oocysts/ 
cysts in feces were proved helpful for oocysts/cysts wall disrup- 
tion. However, these preparatory steps add significantly more 
cost, labor, and time to the extraction method [8,9]. In addi- 
tion, purification and concentration steps cause some loss of 
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oocysts/cysts in the original fecal specimen. 

In-house DNA extraction methods, such as the phenol- 
chloroform extraction method [9], and the guanidinium thio- 
cyanate-silica method [8], has been adopted for protozoan 
DNA extraction from oocysts/cysts in feces. Also, few commer- 
cially-available DNA extraction kits have been used for the 
same puipose. Although the majority of these kits was origi- 
nally designed for nucleic acid extraction from pathogens oth- 
er than enteric protozoa, these kits were tried for protozoan 
DNA extraction from feces [ 10, 1 6] . 

The QIAamp stool Mini Kit (Qiagen, Hilden, Germany), 
one of these commercial kits, was originally assembled for 
DNA isolation from metabolically active cells found in feces. 
Its buffer system permits direct cell lysis and allows optimal 
binding of nucleic acids to a silica gel membrane. Inclusion of 
an initial heating step, InhibitEX tablets and 2 successive wash 
steps are employed in the manufacturer's instructions to re- 
move contaminants that are commonly found in feces. Recent 
studies have investigated the utility of the kit as a DNA extrac- 
tion tool for a range of entero-pathogenic bacteria directly 
from human stool. Both spore-forming and non-spore form- 
ing bacteria were subjected to DNA extraction and subsequent 
PCR amplifications [16,17]. The kit has also been employed 
for DNA extraction from purified protozoan oocysts/cysts sus- 
pensions [18,19]. Only a few studies have reported the use of 
the kit for E. histolytica and Giardia lamblia DNA extraction di- 
rectly from whole stool specimens [20,21]. For Cryptosporidium 
DNA extraction directly from fecal specimens, the standard kit 
protocol is usually preceded by several preparatory steps. 

In this study, the Qiagen kit was initially evaluated for its 
ability to purify DNA of Cryptosporidium oocysts, G. lamblia, 
and E. histolytica cysts present in feces. Then, an effort was 
made to maximize its DNA recovery and purity by introducing 
modifications over the manufacturer's protocol. Finally, the kit 
with the amended protocol was evaluated more through its 
application on whole feces and on feces subjected to oocysts/ 
cysts purification step or to a few freeze/thaw cycles. Further 
validation of the extraction procedure was carried out through 
its application on random stool samples from Al-Taif, Saudi 
Arabia. 

MATERIALS AND METHODS 

Collection of clinical samples and storage 

Two-hudred test samples were randomly collected between 



January and August 2013 for evaluation of the fully optimized 
extraction protocol. Fecal samples were collected from those 
submitted to various governmental hospitals in Al-Taif, Saudi 
Arabia for laboratory diagnosis. Fresh feces, without preserva- 
tives, were properly labeled and sent to the medical laboratory 
at College of Applied Medical sciences, Al-Taif University with- 
in 2-3 hr of collection. On anival, in the laboratory, feces were 
stored at 4°C for microscopic and immunoassay testing. An al- 
iquot of each specimen was stored at -20°C for PCR testing. 

Preparation of control samples 

One-hundred protozoan-positive and negative samples 
were collected for use as controls; 25 Gwrdia-positive, 15 Cryp- 
tosporidium-positive, 15 E. histolytica-positwe, and 45 protozoa- 
free samples were prepared using a combined gold standard 
test comprising of microscopy and immunoassay tests. Wet 
mount smears stained with iodine were subjected to micro- 
scopic diagnosis for Giardia and E. histolytica/ dispar cysts as 
done earlier [22]. Detection of Cryptosporidium oocysts was car- 
ried out using the modified Ziehl-Neelsen (ZN) stain as for- 
merly prescribed [23]. All fecal samples were subjected to pro- 
tozoan coproantigen detection by RIDA® Quick Giardia (R-Bi- 
opharm, Darmstadt, Germany), E. histolytica II ELISA (TechLab, 
Blacksburg, Virginia, USA), and RIDA® Quick Cryptosporidium 
(R-Biopharm) kits for detection of Giardia, E. histolytica, and 
Cryptosporidium, respectively. Immunoassays were performed 
following the manufacturers' directions. The 2 rapid test re- 
sults were interpreted visually by the naked eye while the E. 
histolytica II ELISA (TechLab) test results were analyzed in a 
multi-well scanning spectrophotometer (ELISA reader) with 
the cutoff of > 0. 150 for the positive sample at an optical den- 
sity of 450 nm. 

Purification of oocysts/cysts from feces 

A purified preparation of ~8 x 10 5 Cryptosporidium parvum oo- 
cysts with PBS in volume of 1 ml was purchased from Moredun 
Animal Health, Scotland, UK. In contrary, Giardia and E. histo- 
lytica cyst suspensions were prepared in the study. Briefly, highly 
positive stool specimens were pooled, concenuated, and puri- 
fied, at first with modified formol-ether concentration tech- 
nique [22,23] and then by the sucrose density-gradient centrif- 
ugation technique [24]. Cysts were counted under the micro- 
scope using a modified Fuchs-Rosenthal counting chamber. 
Preparations, 1 ml of PBS each, containing «4x 10 5 of Giardia 
cysts and «3 x 10 4 of E. histolytica cysts were formed. These oo- 
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cysts/cysts suspensions were used for seeding experiments and 
as sources of protozoan genomic DNA (gDNA) samples. 

Spiking (seeding) experiments 

For estimation of the lower detection limit for the extraction 
protocol together with the corresponding PCR test, seeding ex- 
periments were performed. Aliquots of protozoa-free feces, 
200 pi each, containing approximately 1,700, 1,500, 1,000, 
500, 100, 50, and 10 of the Cryptosporidium oocysts, Giardia 
cysts, or E. histolytica cysts were prepared. Each set of spiked 
samples was subjected to DNA extraction by the amended ex- 
traction protocol, and subsequendy amplified by the target- 
matching PCR. 



pies as follows: First, DNA samples were diluted (1:10 and 
1:100) with nanopure water prior PCR retesting. Second, DNA 
extracts were subjected to PCR amplification using 16SrDNA 
broad range universal primers [25,26]. Last, gDNA samples 
were spiked into the PCR reaction tube with the DNA extract. 
After ruling out PCR inhibition as a cause of amplification fail- 
ure, a series of optimization experiments were performed in 
an attempt to increase the DNA recovery. Different lysis tem- 
peratures, lysis duration, centrifugation time, incubation time, 
and elution volumes were individually assessed using multiple 
aliquots of a single positive stool sample. All next DNA extrac- 
tions were accomplished by the QIAamp® kit with the amend- 
ed protocol for its evaluation. 



DNA extraction and optimization experiments 

Early DNA extraction experiments were done using the Qia- 
gen kit following the manufacturer's protocol. DNA extracts 
were subjected to amplification by the matching PCRs. DNA 
recovery was measured based on the intensity of ethidium 
bromide-stained DNA bands on agarose gels and compared 
with controls of known molecular weight. Three experiments 
were done to rule in or rule out the amplification failure of 
DNA extracted from known oocysts/cysts positive fecal sam- 

Table 1 . Primers used in this study 



PCR amplification and product analysis 

As seen in Table 1, several primer pairs were adopted in PCR 
amplification reactions in the study. Protozoan DNA extracts 
were amplified using target-matching PCR assays as previously 
described [27-29]. Samples with discordant results were sub- 
jected to reamplification with a target matching reference PCR 
with high reported sensitivities [30-32]. A broad-range bacteri- 
al universal primers were adopted in the study to amplify bac- 
terial DNA found in the DNA extracts, as done earlier [25,26]. 



Primer ID 


Sequence (5' -3) 


Target gene 


Reference 


Cry-9 (F) 


GGACTGAMTACAGGCATTATCTTG 


Cryptosporidium COWP 


[27] 


Cry-15(R) 


GTAGATAATGGMGAGATTGTG 


Cryptosporidium COWP 


[27] 


XF1 (F) 


TTCTAGAGCTAATACATGCG 


Cryptosporidium 1 8S rDNA 


[30] 


XR1 (R) 


CCCTAATCCTTCGAAACAGGA 


Cryptosporidium 1 8S rDNA 


[30] 


XF2(F) 


GGMGGGTTGTATTTATTAGATAAAG 


Cryptosporidium 1 8S rDNA 


[30] 


XR2 (R) 


MGGAGTAAGGAACMCCTCCA 


Cryptosporidium 1 8S rDNA 


[30] 


GDHeF (F) 


TCAACGTYAAYCGYGGYTTCCGT 


Giardia lamblia gdh 


[28]° 


GDHiR (R) 


GTTRTCCTTGCACATCTCC 


Giardia lamblia gdh 


[28f 


GDHiF (nested) 


CAGTACAACTCYGCTCTCGG 


Giardia lamblia gdh 


[28f 


RH11 (F) 


CAT CCG GTC GAT CCT GCC 


Giardia lamblia 18S rDNA 


[31] 


RH4 (R) 


AGTCGA ACC CTG ATTCTC CGCCAG G 


Giardia lamblia 18S rDNA 


[31] 


EntaF (F) 


ATGCACGAGAGCGAMGCAT 


Entamoeba histolytica 1 8S rDNA 


[29] 


EhR (R) 


GATCTAGAAACAATGCTTCTCT 


Entamoeba histolytica 1 8S rDNA 


[29] 


E-1 (F) 


TAAGATGCACGAGAGCGAAA 


Entamoeba histolytica 1 8S rDNA 


[32] 


E-2 (R) 


GTACAMGGGCAGGGACGTA 


Entamoeba histolytica 1 8S rDNA 


[32] 


EH-1 (F) 


MGCATTGTTTCTAGATCTGAG 


Entamoeba histolytica 1 8S rDNA 


[32] 


EH-2 (R) 


MGAGGTCTAACCGAAATTAG 


Entamoeba histolytica 1 8S rDNA 


[32] 


Bact-8F (F) 


AGAGTTTGATCCTGGCTCAG 


Broad range bacterial 1 6S 


[25] b 


1391R(R) 


GACGGGCGGTGTGTRCA 


Broad range bacterial 1 6S 


[26f 



(F) stands for forward, (R) stands for reverse, (COWP) for Cryptosporidium oocyst wall protein gene, and (gdh) Giardia lamblia glutamate dehydroge- 
nase gene. 

a Primers with degenerate bases; T indicates a 50:50 mix of 'C' and T, while 'R' is an equivalent mix of A' and 'G' in the degenerate primer mixes 
produced. 

b Primer pairs was used early in the study to rule in or rule out PCR failure duo to the presence of impurities in DNA extracted from feces. 
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Primers were synthesized by the VHBio (Gateshead, UK), dis- 
solved in dH 2 0 for stock preparation (100 pmol/ul) and 
stored at -20°C until use. PCR reactions were carried out in 
Techne™TC-4000 thermal cycler. 

Application of the extraction protocol on processed 
samples 

Aliquots of oocysts/cysts suspension, 200 pi each, were sub- 
jected to vigorous agitation with FastPrep® Instrument (Qbio- 
gene, Irvine, California, USA) prior to DNA extraction as done 
elsewhere [8,33]. Aliquots of the same fecal samples, 200 pi 
each, were subjected to 6 rounds of freeze/thaw cycles as car- 
ried out previously [8,33]. Each cycle required exposing sam- 
ples to dry ice-ethanol bath for 1 min and to heating at 97°C 
for another 1 min. The remaining of each sample and the 
aforementioned aliquots were subjected to DNA extraction, 
amplification by the conesponding PCR, and the results were 
then compared. 

Validation of the extraction protocol by random clinical 
samples from Al-Taif 

Fecal aliquots of 200 pi volume were subjected to DNA ex- 
traction using the modified protocol. PCR amplifications and 
subsequent analysis were performed blindly to minimize bias 
from immunoassay kits' results. Samples with discordant re- 
sults between PCR and the target matching immunoassay kit 
were retested with the conesponding reference PCR assay. 

RESULTS 

Preliminary DNA extraction using the manufacturer's 
protocol 

All conttol samples (n= 100) were subjected to DNA extrac- 
tion using the standard kit's protocol prior to PCR amplifica- 
tion. Giardia DNA was detected in all the Giardw-positive sam- 
ples. Similarly, Entamoeba DNA was detected in all Entamoeba- 
positive samples. However, of all Cryptosporidium-positive sam- 
ples, 6 showed no amplification products on gel electtophore- 
sis. Importantly, no amplification products were shown on 
agarose gel for all the negative control samples. In principle, 
the kit's protocol with the target matching PCR showed speci- 
ficity of 100% (45/45) towards the 3 protozoa. However, the 
diagnostic sensitivities were 100% (25/25), 100% (15/15), 
and 60% (9/15) for Giardia, Entamoeba, and Cryptosporidium, 
respectively. Aliquots of the Cryptosporidium-po&itwe clinical 



samples with false negative results were subjected to a series of 
experiments to rule out PCR inhibition and to increase the ex- 
ttaction efficiency of the kit. The Cryptosporidium gDNA sam- 
ples, spiked into the PCR reaction tube with the crude DNA 
extracts, were successfully amplified. Also, the bacterial DNA 
found in the crude DNA extracts was successfully amplified 
using the broad range bacterial primers. Last, decimal dilu- 
tions of the DNA extracts prior PCR amplification did not af- 
fect the false negative results. 

Modifications of the manufacturer's protocol 

Four changes over the kit's instructions were earned out as 
follows: First, a lysis temperature of 100°C for 10 min was used 
instead of 97°C for 7 min (Fig. 1, lane 4). Second, the incuba- 
tion time for the InhibitEX tablet in the DNA lysate solution 
was raised to 3-5 min instead of 1 min. Third, pre-cooling eth- 
anol before its use was adopted in the protocol. Last, eluting 
the purified DNA sample was carried out with 50-100 pi of 
elution buffer instead of 200 pi as specified after a 3-min incu- 
bation time at room temperature. To check out the efficiency 
of the boiling step on oocysts/cysts disruption, Cryptosporidi- 
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Fig. 1 . Representative ethidium bromide-stained 1 % agarose gel 
picture showing PCR amplification products of Cryptosporidium- 
positive feces subjected to different lysis temperatures and dura- 
tions. Amplicons of cowp gene sequence (~ 550 bp) were gener- 
ated using Cry-9/Cry-15 primers. M, GeneRuler™ 100 bp DNA 
marker; Lane 1 , PCR product of Cryptosporidium gDNA (Just for 
comparison); Lane 2, PCR product of DNA sample recovered 
from fecal aliquot subjected to lysis at 97°C for 15 min; Lane 3, 
PCR product of DNA sample recovered from fecal aliquot sub- 
jected to lysis at 97°C for 20 min; Lane 4, PCR product of DNA 
sample recovered from fecal aliquot subjected to lysis at 1 00°C 
for 10 min; Lane 5, PCR product of DNA sample recovered from 
fecal aliquot subjected to lysis at 1 00°C for 1 5 min; Lane x, Emp- 
ty; Lane 6, Cryptosporidium-negatNe stool sample (extraction 
negative control); Lane 7, no-template master mix sample (PCR 
negative control); Lane 8, PCR product of DNA sample recovered 
from fecal aliquot subjected to lysis at 97°C for 5 min as originally 
mentioned in the kit's protocol. 
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um/Giardia-poshive stool samples were subjected to DNA ex- 
traction following the modified kit's protocol. After initial 
heating of the stool homogenate and subsequent centrifuga- 
tion, 20 pi of each cell lysate was mounted on a microscopic 
slide and examined by bright field microscope. Few oocysts/ 
cysts with intact cell membranes (0-3) were seen. Similarly, 4 
smears were prepared, but this time, from the fecal pellet of 
each sample and examined by the bright field microscope. 
Few oocysts/cysts with intact cell walls (0-2) were also identi- 
fied. To assess the efficiency of using 50-100 pi elution buffer 
for recovering all DNA from the spin column, a second elu- 
tion step with another 50 pi elution buffer was adopted for a 
batch of samples and subjected to PCR amplification. No am- 
plification of the target DNA was shown in the DNA samples 
recovered by the second elution step. 

Impact of prior sample processing on the amended kit's 
protocol 

The amended kit's protocol was Uied on the purified, me- 
chanically agitated, oocysts suspension, and the results were 
comparable to those obtained from PCR amplification of 
DNA recovered directly from the whole stool samples. On the 
contrary, DNA recovered direcdy from the whole stool samples 
exposed to 6 rounds of freeze-thaw cycles showed more ampli- 
fication products on agarose gel (Fig. 2). Both sample process- 
ing procedures increased the assay time by > 20 min and led 
to a greater complexity of the extraction protocol. Neither the 
freeze/thaw nor the oocysts/cysts purification procedure was 



included as a part of the amended DNA extraction protocol. 

Diagnostic performance of the extraction protocol 

The amended kit's protocol was retried on all Cryptosporidi- 
um-positive fecal specimens (n= 15), and the retrieved DNA 
were successfully amplified by either the first or the second tar- 
get matching PCR primer set. By principle, the sensitivity of the 
amended extraction protocol with the corresponding PCR was 
raised to 100% (15/15), similar to that was reported, earlier in 
the study, for Giardia and Entamoeba. Also, the target protozoan 
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Fig. 2. Representative ethidium bromide-stained 2% agarose gel 
picture showing PCR amplification products of Cryptosporidium 
COWP gene sequence (=550 bp) with primers Cry-9/Cry-1 5. Ex- 
tracts of DNA were retrieved by the amended kit's protocol from 
1 Cryptosporidium-posltlve fecal sample using 3 different ap- 
proaches. M: GeneRuler™ 1 00 bp DNA marker; Lanes 1,2, PCR 
products of 2 fecal aliquots subjected to direct DNA extraction; 
Lanes 3, 4, PCR products of 2 aliquots subjected to oocysts pu- 
rification step prior to DNA extraction; Lane 5, A Cryptosporidium 
negative stool sample (extraction negative control). Lanes 6, 7, 
PCR products of two aliquots subjected to 6 freeze/thaw cycles 
prior to DNA extraction. 
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Fig. 3. Representative ethidium bromide-stained agarose gel pictures showing PCR amplification products of protozoan DNA extracts 
recovered from feces seeded with various counts of oocysts/cysts by the amended kit's protocol. Encircled amplicons were the lowest 
number of oocysts/cysts present per extract (i.e., 200 pi) and could be detected by PCR (i.e., the lower detection limits) (A) PCR amplifi- 
cation products of Cryptosporidium COWP gene sequence (=550 bp) using primers Cry-9/Cry-15. (B) PCR amplification products of 
G. lamblia gdh gene sequence (=450 bp) with primers GDHeF/GDHiR. (C) PCR amplification products of £ histolytica 18S rDNA gene 
sequence (= 1 70 bp) with primers EntaF/EhR. Lane 1 , amplification product of DNA samples retrieved from 200 pi feces spiked with 
= 1 ,700 oocysts/cysts; Lane 2, amplification product of DNA samples retrieved from 200 pi feces spiked with = 1 ,500 oocysts/cysts; 
Lane 3, amplification product of DNA samples retrieved from 200 pi feces spiked with =1,000 oocysts/cysts; Lane 4, with =500 oo- 
cysts/cysts; Lane 5, amplification product of DNA samples retrieved from 200 pi feces spiked with =100 oocysts/cysts; Lane 6, amplifi- 
cation product of DNA samples retrieved from 200 pi feces spiked with =50 oocysts/cysts; Lane 7, amplification product of DNA sam- 
ples retrieved from 200 pi feces spiked with =10 oocysts/cysts; M, GeneRuler™ 100 bp DNA marker. 
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DNA sequence was successfully extracted and subsequently 
amplified from fecal samples seeded with oocysts/cysts down 
to«100 oocysts/cysts, corresponding to «500 oocysts per gram 
of stool and to ~2 oocysts/cysts by PCR reaction (Fig. 3). 

Validation of the extraction protocol with clinical samples: 
Of all randomly collected clinical samples (n=200), proto- 
zoan DNA was found in 51 samples (25.5%) by the target 
matching first PCR assay. Cryptosporidium, Giardia, and Ent- 
amoeba DNA were detected in 31 (15.5%), 17 (8.5%), and 3 
(1.5%) samples, respectively. In comparison, the protozoan 
coproantigens were detected in 46 (23%) fecal samples. 
Coproantigens of Cryptosporidium, Giardia, and Entamoeba were 
detected in 30 (15%), 14 (7%), and 2 (1%) samples, respec- 
tively. Samples with discordant results (n=5) were subjected 
to PCR amplification by the conesponding second confirma- 
tory primer set, and the results were constant with that of the 
first matching primer set. 

DISCUSSION 

In this study, an extraction protocol based on QIAamp® 
DNA Stool Mini Kit was developed for protozoan DNA extrac- 
tion directly from the diarrheic stool specimens. The protocol 
was proved to be simple and economical as it did not require 
hazardous reagents, such as phenol, or additional preparatory 
steps, such as concentration techniques or application of me- 
chanical force using instruments, such as FastPrep disruptor or 
Mini Beadbeater for oocysts/cysts disruption. The small vol- 
ume of sample subjected to extraction (200 pi) allowed the 
extraction procedure to be carried out at 1-2 ml scale, hence 
permitting the use of inexpensive table-top microcentrifuge 
and heating block. 

Following the kit manufacturer's protocol, DNA extracts of 
all Giardia/ Entamoeba-positive conuol fecal samples gave satis- 
factory results with the corresponding PCR test. The extraction 
efficiency of the kit towards Giardia and Entamoeba, revealed in 
this study, was consistent with previous studies [35,36]. How- 
ever, this was not the case for Cryptosporidium. The causes of 
amplification failure with the 6 initial Cryptosporidium-positive 
samples subjected to the standard manufacturer's DNA extrac- 
tion protocol remains speculative. It could be due to different 
reasons; Reasons related to the PCR protocol, such as the low 
sensitivity of the PCR assay or inhibition of the reaction by 
impurities present in the stool samples and co-purified with 



the target DNA were considered. Reasons related to the extrac- 
tion procedure, such as inefficient nucleic acid isolation or pu- 
rification, was also reviewed. Bacterial DNA present in these 
extracts was successfully amplified using the broad range bac- 
terial primers. However, interpretation of these data is prob- 
lematic as fecal samples contain massive numbers of bacteria, 
potentially yielding high loads of bacterial 16SrDNA that are 
likely to exceed by many orders the quantities of protozoan 
DNA present in the samples. Also, gDNA samples were suc- 
cessfully amplified using Cryptosporidium primers in the pres- 
ence of the crude DNA extract. Similarly, 10-fold dilutions of 
the DNA extracts before PCR amplification did not change the 
results. Dilution of the nucleic acid sample can be useful in 
decreasing the load of potential inhibitory substances, if pres- 
ent, on the Tacj polymerase. 

At that stage, an effort was made through a series of optimi- 
zation experiments to increase the Cryptosporidium DNA yield 
of the extraction kit. First, to ease to isolate genetic material 
enclosed inside the robust cell walls like oocysts, the lysis tem- 
perature was raised to the boiling point for 10 min. First, rais- 
ing the boiling step of stool homogenate to the boiling point 
for 10 min helped to isolate genetic material enclosed inside 
the very robust cell walls like oocysts. Boiling samples in the 
presence of the lysis buffer proved to be effective on oocyst 
disruption, as few oocysts with intact cell membranes were 
seen in the cell lysate or in the sediment mounted on the mi- 
croscopic slides. Second, increasing the incubation time of the 
InhibitEX tablet step to 5 min was purposed to allow for im- 
proved adsorption of the DNA damaging substances and PCR 
inhibitors present in feces. Also, the use of pre-cooled ethanol 
for nucleic acid precipitation appeared to improve yields, but 
no obvious explanation was dear. Finally, the use of the small- 
er elution volume without any obvious loss of elution efficien- 
cy allowed for concentrating the final DNA sample by 2-4 
folds. 

The kit's protocol, with the changes inttoduced, was rettied 
on 6 Cryptosporidium-positive fecal specimens, which showed 
amplification failure, and the DNA extract of all these samples 
were successfully extracted and amplified by either the first or 
the second Cryptosporidium PCR primer set. By principle, the 
sensitivity of the amended extraction protocol with both 
primer sets was raised to 100%. Elwin and her colleagues [6] 
have used the spin columns to purify DNA extract from semi- 
purified Cryptosporidium oocysts suspension after boiling step 
and reported higher performance, but on expense of cost, 



Hawash: DNA extraction from protozoan oocysts/cysts in feces 269 



time, and simplicity of the extraction method [6], In compari- 
son, the extraction protocol, developed in the study, together 
with the target matching PCR displayed comparable results 
with no sample processing step and without use of the Fast- 
Prep cell disruptor. 

As a trial to know the effects of 2 widely used sample-pro- 
cessing steps on the efficiency of the extraction procedure, the 
amended kit's protocol was tried on purified oocyst suspen- 
sion and on whole stool samples exposed to 6 rounds of 
freeze-thaw cycles as previously reported [8,9]. Based on the 
intensities of the ethidium bromide stained DNA bands on the 
agarose gel, the results were comparable to those gained from 
PCR amplification of DNA recovered directly from the whole 
stool samples. Use of the freeze/thaw procedure appeared to 
increase DNA recoveries slightly, but the diagnostic significance 
of apparent refinement remains to be explored. Importantly, 
the 2 extrapreparatory steps added more time and costs to the 
extraction procedure without clear evidence of big gains. These 
results were in line with those obtained from other previous 
studies [7-9]. 

Accordingly, neither the freeze/thaw nor the oocysts/cysts 
purification procedure was included as a part of the amended 
DNA extraction protocol. The fecal-derived DNA samples 
showed amplification of the specific target gene sequence in 
all of the protozoan-positive control samples demonstrating 
that the QIAamp® kit effectively removed fecal impurities that 
can inhibit amplification or degrade DNA. These results were 
consistent with previously published studies [8,9,37,38]. The 
target DNA sequence of each PCR assay was successfully ex- 
tracted and afterwards amplified from feces seeded with oo- 
cysts/cysts down to « 100 oocysts/cysts. Assuming that the oo- 
cysts/cysts count in all spiked stool aliquots were precise, and 
the DNA extraction was carried out from all the seeded oo- 
cysts/cysts with equal efficiency, which was ruled out earlier for 
few Cryptosporidium-positive stool samples, the lower detection 
limit of the PCR assays was < 100 oocysts/cysts per 200 pi 
stool extract which corresponds to ~ 500 oocysts/cysts per 
gram of stool. Because the purified DNA was eluted in 50 pi of 
the elution buffer and only 1 pi of the fecally derived DNA 
was subjected to PCR amplification, the lower detection limit 
of each PCR with the extraction protocol was ~2 oocysts/cysts 
per reaction. 

Finally, the developed extraction protocol with the subse- 
quent PCR was validated using many clinical stool samples 
and proved to be a simple and an economic. Importantly, the 



amended kit's protocol together with the matching PCR tests 
picked more positive samples than immunoassay tests. Taking 
the more sensitive confirmatory PCR tests results as a gold 
standard, it was clear that the amended DNA extraction proto- 
col with the PCR test were more sensitive than the target 
matching coproantigen detection kit, agreeing with previous 
reports [12,19,23]. Equally important, none of the figures giv- 
en in this study reflect the actual prevalence rate of each para- 
site in the studied populations because of the short duration 
of the study. 

In conclusion, based on the QIAamp stool Mini kit (Qia- 
gen), an extraction protocol was developed in this study. The 
protocol was proved useful in extracting DNA from the 3 pre- 
dominant pathogenic enteric protozoa found in human infec- 
tions. The protozoan DNA, recovered directly from oocysts/ 
cysts found in feces, was sufficiently purified and proved to be 
compatible with diagnostic PCR. 
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